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DESCRIPTION 



DEVICE AND METHOD FOR DETECTING FULLY CHARGED 
STATE, STATE OF CHARGE AND DEGRADATION DEGREE 

5 

[TECHNICAL FIELD] 

The present invention relates to a fully charged state detecting 
device and method, a state-of-charge detecting device and method, and a 
degradation degree detecting device and method. 

10 

[BACKGROUND ART] 

When a battery is kept being charged beyond its fully charged state, 
an electrical quantity flowed into the battery is consumed by 
decomposition of water H 2 0 in an electrolyte of the battery, resulting in 

15 that an amount of the electrolyte is reduced, thereby promoting the 
degradation of the battery. Accordingly, so far, for example, a charge of 
a battery is carried out with a constant current or constant voltage, and 
when an electrical quantity stored in the battery exceeds a predetermined 
value, a charge is carried out with a very small current for a 

20 predetermined period of time. Then, the charge is finished at a time point 
when the charge with the very small current for the predetermined period 
of time is completed, assuming that said time point is a time point when 
the battery reaches its fully charged state. 

As a different idea, it is proposed to judge that a battery is in its 

25 fully charged state when a condition in which a difference between a real 
voltage of the battery and a command voltage thereof is less than a 
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predetermined value lasts a fixed time period T 20 and a condition in 
which a charging current I is less than a predetermined threshold value I 0 
lasts a fixed time period T 10 (for example, Japanese Patent Application 
Laid-Open No. 2002-345162). 

5 Generally, a battery gradually degrades during its repeated charge 

and discharge processes, thereby causing gradual degradation in its 
capacity at a fully charged state thereof. Therefore, when a battery 
degrades, the battery reaches its fully charged state at a time point when 
a time period of charging with a very small current does not reach a 

10 predetermined time period or before a time point when a charging current 
I becomes less than a predetermined threshold value I 0 , resulting in that a 
fully charged state of the battery cannot be correctly detected. 

It is therefore an objective of the present invention to solve the 
above problems and to provide a fully charged state detecting device and 

15 method, a state-of-charge detecting device and method by using the fully 
charged state detecting device and method, and a degradation degree 
detecting device and method by using the fully charged state detecting 
device and method, by which a fully charged state of a battery can be 
correctly detected even if a capacity of the fully charged state of the 

20 battery is changed. 

[DISCLOSURE OF THE INVENTION] 

The present invention is a fully charged state detecting device 
including charging efficiency detecting means for detecting a charging 
25 efficiency which indicates a ratio of an electrical quantity to be stored in 
a battery as electromotive force to an electrical quantity flowed into the 
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battery at any time point from a start of charging to an end of charging of 
the battery, wherein a fully charged state of the battery is detected when 
the detected charging efficiency can be regarded as zero. 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

Figure 1 is a block diagram illustrating a preferred embodiment of a 
battery control device, into which a fully charged state detecting device 
(in which a fully charged state detecting method according to the present 
invention is applied), a state-of-charge detecting device (in which a 

10 state-of-charge detecting method according to the present invention is 
applied), and a degradation degree detecting device (in which a 
degradation degree detecting method according to the present invention 
is applied) are assembled. Figure 2 is a graph illustrating a relation 
between a charging time and charging current. Figure 3 is an equivalent 

15 circuit of a battery 13 at a time point when a charging is started. Figure 4 
is an equivalent circuit of a battery 13 during a charging (charging 
efficiency = 100%). Figure 5 is an equivalent circuit of a battery 13 
during a charging (charging efficiency < 100%). Figure 6 is a graph 
illustrating a relation between a charging time and internal resistance of 

20 a battery 13. Figure 7 is a flow chart illustrating a processing order of a 
CPU 23a of the battery control device shown in Fig. 1. 

[BEST MODE FOR CARRING OUT THE INVENTION] 

In the following, the preferred embodiments of the present invention 
25 will be explained with reference to the attached drawings. Figure 1 is a 
block diagram illustrating a preferred embodiment of a battery control 
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device, into which a fully charged state detecting device (in which a fully 
charged state detecting method according to the present invention is 
applied), a state-of-charge detecting device (in which a state-of-charge 
detecting method according to the present invention is applied), and a 

5 degradation degree detecting device (in which a degradation degree 
detecting method according to the present invention is applied) are 
assembled. As shown in Fig. 1, a battery control device 1 according to 
the preferred embodiment of the present invention is mounted on a 
hybrid vehicle that includes an engine 3 and motor generator 5. 

10 Normally, only an output of the engine 3 is transmitted from a drive 

shaft 7 to wheels 1 1 via differential case 9 so as to drive the vehicle, on 
the other hand, upon traveling with high load, the motor generator 5 
functions as a motor by an electric power from a battery 13 so that an 
output of the motor generator 5 together with the output of the engine 3 

15 is transmitted from the drive shaft 7 to the wheels 11, thereby an 
assistant driving is carried out. 

In this hybrid vehicle, the motor generator 5 functions as a 
generator upon the decelerating or braking so as to convert the kinetic 
energy to the electric energy, thereby the battery 13 is charged. The 

20 battery 13 is mounted on the hybrid vehicle so as to supply the electric 
power to various loads. 

Further, the motor generator 5 is used as a starter motor, which 
forcibly rotates a flywheel of the engine 3, upon the start of the engine 3 
in response to the switching on of a starter switch (not shown in the 

25 figure). 

The battery control device 1 according to the preferred embodiment 
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includes: a current sensor 15 for detecting a discharging current of the 
battery 13 with respect to a motor for an assistant driving and motor 
generator 5 that functions as a starter motor and a charging current to the 
battery 13 flowing from the motor generator 5 that functions as a 
5 generator; and a voltage sensor 17 having an infinite resistance 
connected in parallel to the battery 13 for detecting a terminal voltage of 
the battery 13. 

The current sensor 15 and voltage sensor 17 are arranged on a 
circuit which is closed in an on-switch condition of an ignition switch. 

10 The battery control device 1 according to the preferred embodiment 

further includes a microcomputer 23, into which outputs of the current 
sensor 15 and voltage sensor 17 are stored after their analog/digital 
(hereinafter, A/D) conversion performed in an interface circuit 
(hereinafter, I/F) 21. 

15 The microcomputer 23 includes a CPU 23a, RAM 23b, and ROM 

23c. The CPU 23a is connected to the I/F 21 besides the RAM 23b and 
ROM 23c. A signal for indicating a switching-on or switching-off 
condition of an ignition switch (not shown in the figure) is inputted to 
the CPU 23a. 

20 The RAM 23b has a data area for storing various data and a work 

area for use in various processings. Control programs for making the 
CPU 23a implement various processings are stored in the ROM 23c. A 
sum of a pure resistance R^f and a polarization resistance component 
Rpolf (= activation polarization + concentration polarization) of a battery 

25 13 upon its mounting on a hybrid vehicle, that is, upon its brand-new 
condition is in advance stored as a characteristic fully charged resistance 
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value in the ROM 23c. That is, a value of an internal resistance Rf (= R^f 
+ Rpolf) is in advance stored as a characteristic fully charged resistance 
value in the ROM 23 c. 

On a switching-off condition of the ignition switch, the 
5 microcomputer 23 is in a sleep mode in which only a necessary minimum 
processing is carried out with a dark current supplied from the battery 13, 
while on a switching-on condition of the ignition switch, the 
microcomputer 23 wakes up so as to be in a normal active mode. 

In the following, a basic idea for a charging efficiency of the battery 
10 13 and a method how to estimate the charging efficiency of the battery 
13 during charging will be explained. 

First, when the battery 13 is constant voltage-charged with a set 
charging voltage value V T , if an electrically insulating passive membrane 
is formed on a surface of an electrode of the battery 13 while the former 
15 charging or discharging has not been carried out, the passive membrane 
is gradually broken to be eliminated shortly by being applied the set 
charging voltage value V T to the battery 13 immediately after a start of 
the charging. 

In this case, even if the charging of the battery 13 is started, a 
20 charging current I CHG having a value according to the set charging 
voltage value V T does not start to flow immediately. Instead, as shown in 
Fig. 2, as the electric conduction property of an electrode is gradually 
recovered due to the progress of the breaking of the passive membrane, 
the charging current I CHG of the battery 13 gradually increases to become 
25 a value according to the set charging voltage value V T . 

Then, in a stage while the charging current I CHG of the battery 13 is 
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gradually increasing to become a value according to the set charging 
voltage value V T , it can be regarded that there is no decline in the 
charging efficiency. Therefore, for a time period while the value of the 
charging current I CHG is reaching a value according to the set charging 

5 voltage value V T , it can be regarded that the battery 13 is charged with 
the charging efficiency = 100% having no connection with a progress of 
the charging time. 

At a time point when the value of the charging current I CHG reaches 
a value according to the set charging voltage value V T , the passive 

10 membrane is completely broken, so that a resistance component due to 
the passive membrane disappears. Therefore, the value of the charging 
current I CHG of the battery 13 on a condition of the constant voltage- 
charging with a set charging voltage value V T depends only on an 
internal electromotive force E 0 of the battery 13 and internal resistance R 

15 of the battery 13. 

In a time period while the value of the charging current I CHG of the 
battery 13 is reaching a maximum value according to the set charging 
voltage value V T due to the progress of the breaking of the passive 
membrane, the internal electromotive force E 0 of the battery 13 increases. 

20 However, its amount of increase AE 0 is very small compared to the 
internal electromotive force E 0 itself. Therefore, it is considered that a 
resistance component of the battery 13 at a time point when the vale of 
the charging current I CHG reaches the maximum value substantially does 
not include a resistance component corresponding to the amount of 

25 increase AE 0 . 

Here, a time point of a start of charging of the battery 13 is set to be 
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a time point when a constant voltage with the set charging voltage value 
V T is applied to the battery 13, wherein an insulating passive membrane 
is not formed on a surface of an electrode of the battery 13, or a time 
point when an insulating passive membrane formed on a surface of an 

5 electrode of the battery 13 is completely broken by being applied a 
constant voltage with the set charging voltage value V T so that the value 
of the charging current I CHG of the battery 13 reaches a maximum value 
according to the set charging voltage value V T . 

As shown in Fig. 3, the battery 13 at a time point of a start of 

io charging can be expressed by an equivalent circuit in which the internal 
resistance of the battery 13 and an electromotive force E 0 are 
connected in series. The internal resistance R 0 at a time point of a start of 
charging can be expressed by the following expression: 
Ro = Rp 0 + Rpol 0 , 

15 wherein Rp 0 indicates a pure resistance of the battery 13 at a time point 
of a start of charging and Rpol 0 indicates a polarization resistance 
component at a time point of a start of charging. 

In the battery 13 during charging with the set charging voltage value 
V T , the electromotive force increases as follows: 
20 electromotive force E 0 — > E 0 + AE 0 . 

On the other hand, the pure resistance and polarization resistance 
component decrease because the electromotive force of the battery 13 
increases and a voltage difference between the set charging voltage value 
V T and the electromotive force of the battery 13 decreases as follows: 
25 pure resistance Rp 0 — » Rp' (Rp'< Rp 0 )> and 

polarization resistance component Rpol 0 -> RpoP (Rpol'< Rpol 0 ), 
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wherein Rp' indicates a pure resistance of a battery 13 during charging 
and Rpol 5 indicates a polarization resistance component during charging. 

Considering the increment AE 0 of the internal electromotive force E 0 
of the battery 13 as a change portion R E0 in resistance of the 
5 electromotive force increment, as shown with an equivalent circuit in Fig. 
4, the internal resistance R' of the battery 13 during charging is 
expressed as follows: 

R' = R E o + r p' + Rpol'. 

During charging of the battery 13, if an electrical quantity flowed 
10 into the battery 13 is equal to an electrical quantity stored as 
electromotive force in the battery 13, that is, if a charging efficiency is 
100% (i.e. ideal value), the following expression comes into existence: 
Rq = R\ 

That is, if the charging efficiency is 100%, the internal resistance R' is 
15 always constant. This is because the pure resistance and polarization 
resistance component decrease in response to the increment (= R E0 ) in the 
resistance corresponding to the electromotive force increment. 

On the other hand, if a charging efficiency is less than 100%, as 
shown with an equivalent circuit in Fig. 5, the internal resistance R' of 
20 the battery 13 has a value to which a loss resistance R LO ss corresponding 
to an electrical quantity that fails to contribute for the electromotive 
force increment due to electrolysis of water is added. Therefore, the 
internal resistance R' during charging is expressed as follows: 
R' = R E0 + Rp' + Rpol' + R LOSS . 
25 Accordingly, the R LO ss can t> e computed by subtracting the internal 

resistance Rq at a time point of a start of charging from the internal 
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resistance R' during charging as follows: 
Rloss = R 5 — Ro- 

That is, as shown in Fig. 6, the internal resistance of the battery 13 
increases as approaching its fully charged state and the increment from 
5 the internal resistance Rq at a time point of a start of charging 
corresponds to the loss resistance R LO ss- 

If a charging current corresponding to an electrical quantity actually 
flowing into the battery 13 is set to be I CHG (measured), an effective 
current corresponding to an electrical quantity actually stored as the 
io electromotive force in the battery 13 is set to be I CHG (effective), and a 
difference between I CHG (effective) and I CHG (measured), which 
corresponds to an electrical quantity that is not stored as the 
electromotive force in the battery 13 but consumed for electrolysis of 
water, is set to be I LO ss> the following expression comes into existence: 
15 I CHG (measured) = I CHG (effective) + I LOSS . 

Then, the charging efficiency of the battery 13 can be computed by 
using the following expression: 

charging efficiency = [I CH g (effective)/ I CHG (measured)] x 100%. 
Since I CHG (measured) is a value of charging current actually 
20 flowing into the battery 13, I CHG (measured) can be measured by 
collecting outputs from the current sensor 15 through the I/F21. On the 
other hand, I CHG (effective) and I LOSS cannot be actually measured. 
Therefore, the above expression, 

charging efficiency = [I CHG (effective)/ I CHG (measured)] x 100% 
25 must be expressed by using other factors which can be measured or 
computed. 
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In a fully charged state of the battery 13, since the amount of lead 
sulfate PbS04 is very small, most of the I CHG (measured) is consumed for 
electrolysis of water and so on and therefore the electrical quantity is not 
stored as the electromotive force in the battery 13. 

5 The loss resistance R LOSS out of the internal resistance R' = R E0 + 

Rp' + Rpol 5 + R LO ss °f the battery 13 during charging can be regarded to 
correspond to a value of an electrical quantity, which is not stored as the 
electromotive force in the battery 13, out of an electrical quantity 
flowing into the battery 13 at a time point. Therefore, a value indicating 

10 a decline ratio of the charging efficiency of the battery 13 can be 
computed by dividing a value of loss resistance R LOS s at an Y time point 
during charging by loss resistance R LO ssf °f the battery 13 in its state of 
charging efficiency = 0, that is, in its fully charged state. 

As described above, the loss resistance R LO ss at an Y time point 

15 during charging can be computed by the following expression: 

RlOSS = R' — Ro- 

On the other hand, there is a relation as shown in Fig. 6 between the 
internal resistance Rf in a characteristic fully charged state of the battery 
13 and the loss resistance R LO ssf i n the fully charged state. That is, 
20 Rf = R LOSS f + Ro- 

Therefore, the loss resistance R LOS sf in the fully charged state can be 
computed by the following expression: 

Rloss^ = Rf ~~ Ro- 

Accordingly, a value obtained by dividing a value of loss resistance 
25 R L oss at an y time point during charging by the loss resistance R LO ssf °f 
the battery 13 in its state of charging efficiency = 0, that is, in its fully 
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charged state can be computed by the following expression: 
(R'-R 0 )/(Rf-Ro). 

Therefore, a value indicating a decline ratio of the charging 
efficiency of the battery 13 at any time point during charging can be 
5 computed by the following expression: 
(R'-R 0 )/(Rf-R 0 ). 
Then, the charging efficiency of the battery 13 at any time point during 
charging can be computed by the following expression: 
[1 _ (R> _ R 0 )/(Rf - Ro)] x 100%. 
10 The above are a basic idea for a charging efficiency of the battery 

13 and a method how to estimate the charging efficiency of the battery 
13 during charging. 

In the following, a method how to estimate the internal resistance R' 
of the battery 13 during charging action will be explained. This method 
15 is necessary for computing the charging efficiency of the battery 13. 

Supposing that the passive membrane is not formed on an electrode 
surface of the battery 13, a state of the battery 13 can be expressed by an 
expression, in which a value obtained by subtracting the internal 
electromotive force E 0 of the battery 13 before a start of charging from 
20 the set charging voltage value V T that is a terminal voltage V of the 
battery 13 is equal to a value obtained by multiplying the internal 
resistance R' of the battery 13 by the charging current I CHG . Such an 
expression is as follows: 
V T — E 0 — R 5 x I CHG . 

25 Therefore, the internal resistance R' of the battery 13 during 

charging can be computed by the following expression: 
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R 5 — (V T — E 0 )/ I chg . 

In this connection, the internal electromotive force E 0 of the battery 
13 before a start of charging is equal to a value of an open circuit voltage 
OCV (= an open terminal voltage V of the battery 13 in an equilibrium 
5 state) at the time point. Therefore, a value of an open circuit voltage 
OCV is computed in order to obtain such an internal electromotive force 

Bo- 

In the following, a concrete method how to compute an open circuit 
voltage OCV of the battery 13 before a start of charging will be 
10 explained. When the battery 13 is in an equilibrium state and in a state in 
which the polarization disappears, an open circuit voltage of the battery 
13 measured at that time is obtained as an OCV. 

On the other hand, when the battery 13 is not in an equilibrium state 
and not in a state in which the polarization disappears, for example, the 
15 OCV estimated on the basis of values of the terminal voltage V collected 
by using the voltage sensor 17 after former charging or discharging is set 
to be an OCV before a start of charging. 

In the following, a processing that the CPU 23a performs in 
accordance with a control program stored in the ROM 23c will be 
20 explained with reference to a flow chart shown in Fig. 7. 

When the microcomputer 23 starts being supplied an electric power 
from the battery 13 so as to start the program, the CPU 23a starts a 
charging process (explained later on) when the battery 13 can be charged 
upon decelerating or braking. 
25 In the charging process, first, the CPU 23a computes an open circuit 

voltage OCV at a present time point by measurement or estimation and 
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stores thus computed open circuit voltage OCV in the RAM 23b as an 
internal electromotive force E 0 of the battery 13 at a time point of a start 
of charging (step SI), then starts the charging of the battery 13 by 
making the motor generator 5 function as a generator (step S2). 

5 Then, the CPU 23a obtains the charging current I CHG that is an 

output from the current sensor 15 and the charging voltage V that is an 
output from the voltage sensor 17 through the I/F21(step S3). Then, the 
CPU 23a judges whether or not the obtained charging current I CHG 
increases compared to the charging current I CHG obtained at the last time 

io (step S4). 

If it is increased (Y at step S4), the CPU 23a judges that there is a 
resistance component due to the passive membrane and returns to step S3. 
On the other hand, if it is not increased (N at step S4), the CPU 23a 
judges that there is no resistance component due to the passive 
15 membrane and sets the charging current I CHG obtained at step S3 to be the 
charging current I CHG o at a time point of a start of charging, sets the 
charging voltage V to be the set charging voltage value V T , and stores 
them in the RAM 23b (step S5). 

Then, the CPU 23a computes the internal resistance Rq of the 
20 battery 13 at a computation time point of a start of charging by using the 
following expression (step S6): 
Ro = (V T — E 0 )/ I G hgo- 

Then, the CPU 23a again obtains the charging current I CHG that is an 
output from the current sensor 15 through the I/F21 (step S7), sets thus 
25 obtained charging current I CHG to be the charging current I CH g' at the 
present time point, and stores it in the RAM 23b (step S8). Then, the 
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CPU 23a computes the internal resistance R' of the battery 13 at the 
present time point by using the following expression (step S9): 
R' — (V T — E 0 )/ Ichg'- 

Then, the CPU 23a functions as the charging efficiency detecting 
5 means so that by using a value of the internal resistance R' computed at 
step S9, a value of the internal resistance Rf in a characteristic fully 
charged state of the battery 13 stored in the ROM 23c and a value of the 
internal resistance R 0 stored in the RAM 23b, the CPU 23a computes the 
charging efficiency of the battery 13 at this time point by using the 
10 following expression (step S10): 

[1 _ (R> _ R 0 )/(Rf - R 0 )] x 100%. 

Then, the CPU 23a judges whether or not the computed charging 
efficiency can be regarded as 0% (step Sll). If the charging efficiency 
cannot be regarded as 0% (N at step Sll), the CPU 23a returns to step S7. 

15 On the other hand, if the charging efficiency can be regarded as 0% (Y at 
step Sll), the CPU 23a judges that the battery 13 is in a fully charged 
state and finishes the charging of the battery 13 (step SI 2). 

When the battery is in a fully charged state, all of the electrical 
quantity flowing into the battery is consumed for electrolysis of water, 

20 rendering the charging efficiency to be zero. Accordingly, when the 
charging efficiency becomes zero, it is detected (judged) that the battery 
is in a fully charged state. As a result, the fully charged state can be 
detected without being influenced by temperature or degradation of the 
battery and a change in the capacity of the fully charged state due to an 

25 individual characteristic of the battery. 

Then, the CPU 23a computes an open circuit voltage OCVn at this 
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time point and stores the computed open circuit voltage OCVn in the 
RAM 23b as an open circuit voltage OCVf in the present fully charged 
state (step SI 3). Further, the CPU 23a acts as the degradation degree 
detecting means and computes the degradation degree of the battery 13 

5 by using the following expression(step S14): 
(OCVf' - OCVe)/(OCVf - OCVe), 
and then finishes the charging process. Here, OCVe is an open circuit 
voltage of the battery in its state of an end of discharging and OCVf is an 
open circuit voltage of a brand-new battery in its fully charged state. 

10 An electrical quantity stored in the battery 13 is in proportion to an 

open circuit voltage of the battery 13. Therefore, by using the above 
expression, a relative value of an electrical quantity stored in the battery 
13 at a time point when the fully charged state is detected on the basis of 
the charging efficiency can be computed as a degradation degree, 

15 wherein the electrical quantity stored in a brand-new battery in its fully 
charged state is set to be 100%, while the electrical quantity stored in the 
battery 13 at an end of discharging is set to be 0%. 

Further, the CPU 23a also acts as the state-of-charge detecting 
means and performs the detection of the state of charge, which indicates 

20 an electrical quantity stored in the battery 13, by using the OCVf stored 
at step S14. 

In detail, when the CPU 23a judges that it is necessary to detect the 
state-of-charge, the CPU 23a computes the open circuit voltage OCVn at 
that time point by the measurement or estimation as described above. 
25 Then, the CPU 23a computes the state of charge of the battery 13 by the 
following expression: 
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(OCVn - OCVe)/(OCVf - OCVe). 

By using the above expression, a relative value of an electrical 
quantity stored in the battery 13 at any time point can be detected as the 
state of charge, wherein the electrical quantity stored in the battery 13 at 

5 a time point when the charging efficiency becomes zero and the fully 
charged state is detected is set to be 100%, while the electrical quantity 
stored in the battery 13 at an end of discharging is set to be 0%. 
Therefore, the state-of-charge can be detected taking temperature or 
degradation of the battery and a change in the capacity of the fully 

10 charged state due to an individual characteristic of the battery into 
consideration. 

In the preferred embodiment described above, the loss resistance 
R LOSS f of the battery 13 in the fully charged state is computed by R LO ss^ = 
Rf - Rq, and the charging efficiency is computed by the following 
15 expression: 

[1 - (R' - R 0 )/(Rf - R 0 )] x 100%. 

However, a value of the internal resistance R E0 + Rp' + RpoP of the 
battery 13 is negligibly small compared to a value of the loss resistance 
R LOSS f of the battery 13 at a time point when the charging efficiency = 0, 
20 that is, at a time point of fully charged state. That is, the following 
relation comes into existence: 
R L ossf » R E0 + Rp' + Rpol\ 

Therefore, as for the internal resistance Rf in a characteristic fully 
charged state of the battery 13, the following relation comes into 
25 existence: 

Rf = R E0 + Rp 9 + RpoP + R LOSS f = R LOSS f- 
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Therefore, a value of the loss resistance R LOSS f of the battery 13 in a 
fully charged state of the battery 13 may be replaced by a value of the 
internal resistance Rf in a characteristic fully charged state of the battery 
13 stored in the ROM 23c, then the charging efficiency may be computed 
5 by the following expression: 

[1 - (R 5 -R 0 )/Rf] x 100%. 

The aforementioned preferred embodiments are described to aid in 
understanding the present invention and variations may be made by one 
skilled in the art without departing from the spirit and scope of the 
10 present invention. For example, the method of detecting a degradation 
degree may be modified or applied without departing from the spirit and 
scope of the present invention. 

[INDUSTRIAL APPLICABILITY] 

15 In the invention defined in claim 1, it is noted that when a battery is 

in a fully charged state thereof, all of electrical quantity further flowing 
into the battery is not used for electromotive force but used for 
electrolysis of water, so that the charging efficiency becomes zero. The 
charging efficiency detecting means detects a charging efficiency which 

20 is a ratio of an electrical quantity to be stored in a battery as 
electromotive force to an electrical quantity flowed into the battery at 
any time point from a start of charging to an end of charging of the 
battery. When the detected charging efficiency can be regarded as zero, a 
fully charged state of the battery is detected. Since the fully charged 

25 state is detected by using the charging efficiency of the battery, therefore 
the fully charged state can be detected without being influenced by 
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temperature or degradation of the battery and a change in the capacity of 
the fully charged state due to an individual characteristic of the battery. 
Accordingly, the fully charged state can be correctly detected. 

According to the invention defined in claim 2, the charging 
5 efficiency detecting means detects the charging efficiency of the battery 
on the basis of a ratio of a difference between an internal resistance 
value at a time point when a charging of the battery is started and an 
internal resistance value at any time point from a start of charging to an 
end of charging of the battery to an internal resistance value in a fully 

10 charged state of the battery. Therefore, by using the internal resistance 
which can be measured during charging, the charging efficiency of the 
battery at any time point can be correctly detected. Accordingly, the fully 
charged state can be more correctly detected. 

According to the invention defined in claim 3, the state-of-charge 

15 detecting means detects a relative value of an electrical quantity stored in 
the battery at any time point as the state of charge, wherein the electrical 
quantity stored in the battery at a time point when the fully charged state 
detecting device according to claim 1 detects the fully charged state is 
set to be 100%, while the electrical quantity stored in the battery at an 

20 end of discharging is set to be 0%. Since, the state-of-charge is detected 
by setting the electrical quantity stored in the battery in the fully charged 
state that is detected on the basis of the charging efficiency of the battery 
to be 100%, therefore the state-of-charge can be detected taking 
temperature or degradation of the battery and a change in the capacity of 

25 the fully charged state due to an individual characteristic of the battery 
into consideration. Accordingly, the state of charge can be correctly 
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detected. 

In the invention defined in claim 4, it is noted that a capacity of the 
fully charged state is changed due to the degradation of the battery. The 
degradation degree detecting means detects a relative value of an 

5 electrical quantity stored in the battery at a time point when the fully 
charged state detecting device according to claim 1 or 2 detects the fully 
charged state as a degradation degree, wherein the electrical quantity 
stored in a brand-new battery in its fully charged state is set to be 100%, 
while the electrical quantity stored in the battery at an end of discharging 

10 is set to be 0%. Therefore, by detecting the degradation degree on the 
basis of the electrical quantity stored in the battery upon a fully charged 
state that is detected on the basis of the charging efficiency of the battery, 
the degradation degree of the battery can be correctly detected. 

In the invention defined in claim 5, it is noted that when a battery is 

15 in a fully charged state thereof, all of electrical quantity further flowing 
into the battery is not used for electromotive force but used for 
electrolysis of water, so that the charging efficiency becomes zero. The 
fully charged state of the battery is detected when the charging efficiency, 
which is a ratio of an electrical quantity to be stored in a battery as 

20 electromotive force to an electrical quantity flowed into the battery at 
any time point from a start of charging to an end of charging of the 
battery, can be regarded as zero. Since the fully charged state is detected 
by using the charging efficiency of the battery, therefore the fully 
charged state can be detected without being influenced by temperature or 

25 degradation of the battery and a change in the capacity of the fully 
charged state due to an individual characteristic of the battery. 
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Accordingly, the fully charged state can be correctly detected. 

According to the invention defined in claim 6, a relative value of an 
electrical quantity stored in the battery at any time point is detected as 
the state of charge, wherein the electrical quantity stored in the battery at 
5 a time point when the fully charged state is detected by using the fully 
charged state detecting method according to claim 5 is set to be 100%, 
while the electrical quantity stored in the battery at an end of discharging 
is set to be 0%. Since, the state-of-charge is detected by setting the 
electrical quantity stored in the battery in the fully charged state that is 

10 detected on the basis of the charging efficiency of the battery to be 100%, 
therefore the state-of-charge can be detected taking temperature or 
degradation of the battery and a change in the capacity of the fully 
charged state due to an individual characteristic of the battery into 
consideration. Accordingly, the state of charge can be correctly detected. 

15 In the invention defined in claim 7, it is noted that a capacity of the 

fully charged state is changed due to the degradation of the battery. A 
relative value of an electrical quantity stored in the battery at a time 
point when the fully charged state is detected by using the fully charged 
state detecting method according to claim 5 is detected as a degradation 

20 degree, wherein the electrical quantity stored in a brand-new battery in 
its fully charged state is set to be 100%, while the electrical quantity 
stored in the battery at an end of discharging is set to be 0%. Therefore, 
by detecting the degradation degree on the basis of the electrical quantity 
stored in the battery upon a fully charged state that is detected on the 

25 basis of the charging efficiency of the battery, the degradation degree of 
the battery can be correctly detected. 



